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Extraction & Purification of PPIX Using HPLC & FPLC
Grace Rilee & Dr. Kenneth Overway
Department of Chemistry, Bridgewater College, 402 E. College Street
Bridgewater, Virginia 22812
INTRODUCTION

The purpose of this research project is twofold. The first was to
extract PPIX from brown eggshells and use the high-performance
liquid chromatography (HPLC) system to analyze the extract.
Because pure PPIX is needed for a sensitizer, the second goal was to
successfully purify the PPIX extract using an instrument intended for
fast protein liquid chromatography (FPLC). This semester’s work
mainly focused on learning and repairing the FPLC system for
automation of the purification process.

Table 1. HPLC Gradient Method Used to Distinguish Peaks.
Time (min)
−
1.50
2.00
3.00

0.4
0.35
0.3
Absorbance

Dye-sensitized solar cells (DSSC) offer an alternative tot siliconbased photovoltaics. Porphyrins, an organic molecule, are a possible
sensitizer for DSSC because of their strong absorption in the visible
spectrum. One naturally occurring porphyrin is protoporphyrin IX
(PPIX), which can be found in brown eggshells. There are two
reasons why PPIX is the ideal sensitizer. (1) On the absorbance
spectrum of PPIX can be modified by changing rings substituents,
thus tuning the absorption to the solar spectrum. (2) PPIX allows for
direct attachment to the DSSC due to the carboxylic acid substituents
on PPX and the TiO2 of the DSSC.

RESULTS & DISCUSSION
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Figure 1. Spectral Scan of PPIX
Extract Using Cary-60. The scan
shows the Soret band at 405nm and
four Q-bands at the upper end of the
spectrum. This proves that PPIX was
in the extract.

0.2
0.15
0.1
0.05
0
-0.05

300

350

400

450
500
Wavelength (nm)

550

600

650

b)

a)

METHOD
Part I: Extraction of PPIX From Brown Eggshells
o 2M HCl, 12M HCl, and ethyl acetate were added to crushed brown
eggshells in Erlenmeyer flask until CO2 bubbling stopped
o Solution was filtered twice: once with sand, silica, and filter paper
to get rid of gelatinous layer, and the second time with filter paper
o Organic layer was separated and washed from the aqueous layer
o Anhydrous sodium sulfate was used to dry the organic layer
o Extract was stored under fume hood at room temperature
Figure 2. Chromatograms of PPIX Extract Using HPLC. A gradient injection with a mobile phase of 100% acetonitrile to 40%
acetonitrile:60% methanol was used in a nonpolar column. The dual wavelength parameter was used at 280nm (2a) for
organics and 370nm for PPIX (2b).
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CONCLUSION
o PPIX was successfully extracted from brown eggshells because the
spectral scan showed its distinctive Soret band around 400nm and
Q-bands (Figure 1).
o After trial and error, the best gradient method to separate the
organic and PPIX peaks was found (Table 1). The peaks had three
minutes in between each other, which was needed for the
purification process to start (Figure 2).
o The HPLC method was transferred over to the FPLC (Figure 3c),
allowing for purification process to start.
o LoggerPro was used to see the chromatograms during FPLC runs.
Only one peak showed up around 5.40 minutes, so collection was
based off that finding (Figure 3a and 3b).
o A spectral scan was done on the test tube that collected the sample
peak to see if it contained PPIX (not shown). The Soret band was
seen on the UV-vis spectrum, showing that this is the PPIX peak.
o A spectral scan was also done on the waste test tube to make sure
no PPIX was in it (not shown). Trace amounts of PPIX were
found, suggesting that the fraction collector isolated the PPIX.
o The PPIX purity needs to be demonstrated using NMR and IR.
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Part III: Purification Using FPLC
o PPIX extract traveled through a C-18 column
o Method created on HPLC was transferred over to the FPLC with a
longer run time
o Addition of degasser to get rid of air bubbles
o Automatic collector was programmed to alternate test tubes for
waste and PPIX
o Waste and PPIX fractions were concentrated with a rotovap
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Part II: Distinguishing PPIX From Other Contaminants Using HPLC
o Undiluted PPIX extract was added into a vial
o 18μL of extract passed through Xbridge C18 column under an
acetonitrile: methanol gradient (100:0 → 40:60)
o Dual wavelength function was used: one set at 280nm for organics
and the other set at 370nm for PPIX
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Figure 3. Chromatograms of PPIX Extract Using FPLC. An eightminute gradient run (Figure 4) with acetonitrile and methanol
(solvent B) was used in a nonpolar column.

Figure 4. Gradient Elution for Figure 3. The first
3.50 minutes was used as an equilibrate function
for the column. The gradient went from 90%
acetonitrile: 10% methanol to 30% acetonitrile:
70% methanol in around two minutes with a
plateau. The gradient injection ended with reequilibrate function to get the column ready for the
next run.
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